Lafora disease (LD) is a teenage-onset progressive neurologic disorder caused by biallelic mutations in EPM2A (laforin) or EPM2B (malin) encoding laforin phosphatase and malin ubiquitin E3 ligase, respectively, both involved in glycogen structural integrity. Defective laforin or malin results in neuronal accumulation of malformed insoluble glycogen termed Lafora bodies (LBs). 1 Histologic reports indicate LB accumulation in the inner retinal layers with evidence of bipolar cell atrophy. 2 Funduscopic retinal examination has been reported unremarkable except in one patient with unilateral optic atrophy that may have been unrelated to LD. 3, 4 Recently, retinitis pigmentosa was reported in a 21-year-old patient diagnosed only on skin biopsy, and was highlighted on the journal cover. 5 A subsequent letter to the editor suggested that this may represent an instance of false-positive interpretation of skin biopsy, but the debate remains unsettled. 1, 5, 6 We aimed to address this issue by performing multimodal imaging and electrophysiology (e-Methods in links.lww.com/WNL/A580) to characterize the eye phenotype in 4 patients with genetically confirmed LD, concurrently setting the stage to identify potentially useful ophthalmologic biomarkers in LD. e-Methods and tables e-1 and e-2, links.lww.com/WNL/A578, summarize the genetic results and clinical phenotype of the patients.
Patient 1
This 21-year-old man (homozygous deletion of EPM2A exons 1 and 2) had first seizure episode at 14 years of age. Best-corrected visual acuity (BCVA) was 20/40 (right eye) and 20/25 (left eye). Retinal examination, fundus autofluorescence (FAF) imaging, and central retinal thickness and lamination were normal (figure, A-C). Full-field electroretinogram (ERG) testing showed rod bipolar cell impairment with mild cone system dysfunction (figure e-1, links.lww.com/WNL/A579).
Patient 2
A 22-year-old woman had first seizure at 14 years of age and harbored compound heterozygous EPM2A mutations (p.Asn163Asp/p.Ala254Metfs*33). BCVA was 20/40 bilaterally. Retinal examination, FAF, and central retinal thickness and lamination were normal (figure, D-F). The ERG showed mild cone system dysfunction; rod function was normal (figure e-1, links.lww.com/WNL/A579).
Patient 3
A 21-year-old woman with homozygous EPM2B missense mutations (p.Pro69Ala) had seizure onset at 14 years of age. BCVA was 20/25 bilaterally with refractive correction of −3.50 D sphere. Retinal examination, FAF, and central retinal thickness and lamination were normal (figure, G-I). The ERG showed rod photoreceptor and bipolar cell impairment with additional cone system dysfunction (figure e-1, links.lww.com/WNL/A579).
Patient 4
A 31-year-old man with homozygous EPM2B missense mutations (p.Asp308Val) had seizure onset at 16 years. BCVA was 20/25 in either eye with refractive correction of −1.00 D sphere. Retinal examination, FAF, and central retinal structure were normal (figure, J-L). The ERG showed rod photoreceptor and bipolar cell impairment with additional cone system dysfunction (figure e-1, links.lww.com/WNL/A579).
Discussion
Newer noninvasive in vivo retinal imaging techniques and electrodiagnostic testing better aid in disease diagnosis and characterization; notably, considering the eyes as windows to the brain, there is marked interest in in vivo retinal imaging in neurodegenerative disorders to identify biomarkers of early disease.
All our patients with LD demonstrated good visual acuity (20/40 or better) and normal retinal examination (including optic disc); none had retinitis pigmentosa. FAF, a noninvasive retinal imaging technique that provides in vivo density map of fluorophores in the retinal pigment epithelium, demonstrated normal pattern in all 4 patients; this observation excludes retinal pigment epithelial atrophy and any significant structural abnormality of the photoreceptor outer segments in the central retina (50°). We did not detect any structural alterations in the macula on spectral-domain optical coherence tomography (in vivo imaging that provides ;5 μm axial resolution); a prior histologic report observed LB deposition in inner retinal layers of macula. 2 Our study revealed abnormal retinal function on ERG testing in all patients. Generalized rod bipolar cell dysfunction as evidenced by reduced b/a ratio of scotopic ERG was present in 3, and generalized cone system dysfunction with cone inner retinal (bipolar) involvement was observed in all 4 patients. The bipolar cell dysfunction observed on ERG is in keeping with the histologic bipolar cell atrophy described in LD. 2 The ERG also demonstrated generalized reduction in rod photoreceptor function (decreased rod a-wave amplitude) in both EPM2B patients. Although no abnormality was noted in photoreceptor layers in postmortem eyes (genes unknown), the observed rod a-wave changes in EPM2B patients may indicate functional changes to precede structural changes in specific disease stages or may be unique to EPM2B. 2 Reports using early ERG techniques (1978 or earlier) suggested normal responses or transiently subnormal bipolar cell activity in LD 3, 7 ; the current techniques are superior, and can better delineate the locus of abnormality.
ERG may be a valuable tool to monitor LD progression, and potentially serve as a useful biomarker to investigate intervention efficacy in gene replacement or other therapeutic clinical trials.
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